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J[57) Abstract: A node selecting method in which a mobile node moving among a 
plurality ol nodes dispersedly arranged generally uniformly selects a candidate node 
to next communicate with is characterized by comprising a first step of allowing the 
mobile node to designate nodes being present in the communication zone of the mobile 
node, a second step of counting, for each designated node, tlie overlaps of the commu- 
nication zone of the designated node and those of other designated nodes, and a tliird 
step of selecting the designated node having the largest count as the candidate node to 
next communicate with. 
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DESCRIPTION 

NODE SELECTING METHOD 

Technical Field 
The present invention relates to a node selecting 
method, and more particularly, it relates to a node 
selecting method that a mobile node moving among nodes 
substantially uniformly dispersedly arranged can suitably 
be used to select a node which should communicate next to 
the node currently in communication. 

Background Art 

In recent years, low-cost, low-power, and short- 
distance wireless devices such as Bluetooth have been 
widely used in various fields. In many existing systems 
such as a cellular wireless telephone system, a received 
signal strength indicator (RSSI) is used for detecting a 
mobile and for handing over. However, the use of such an 
RSSI for a wireless device as described above is not always 
suitable because the use of the RSSI may bring about 
complication of an electric circuit or an increase in 
manufacture cost. 

By way of example, in a cellular wireless 
telephone system, a case will be considered wherein a 
mobile (hereinafter referred to as mobile node) moves among 
base stations (hereinafter each simply referred to as node) 
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substantially uniformly dispersedly arranged. When the 
mobile node moves, the distance between the mobile node and 
each node changes. Attendant upon this, the strength of 
the signal that the mobile node is receiving from each node 
5 also changes accordingly. 

Generally, such a mobile node measures at 
predetermined timings the strength of the signal being 
received from each node. If the strength of the signal 
being received from the node that the mobile node is 

10 currently connected to and in communication with has 

weakened, the mobile node performs a handing-over operation 
for changing the connection node into a node the signal 
from which is strong. An algorithm for the handing-over 
operation is required. 

15 When timings for handing over are determined, the 

ping-pong effect must be taken into consideration. 

In general, when the mobile node moves near a 
boundary where the wireless communication zones of two 
nodes overlap each other, the strengths of the signals 

20 being received from the two nodes frequently change in the 
manner that the signal from one node becomes stronger than 
the signal from the other node, and vice versa. As a 
result, the mobile node unnecessarily switches the 
connections to the two nodes. This is called the ping-pong 

25 effect. This ping-pong effect causes problems of 

communication error, an increase in power consumption, etc. 
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Disclosure of the Invention 
The present invention has been made for solving 
the above-described problems of the background art, and 
relates to a node selecting method. The present invention 
5 provides an algorithm that makes it possible to select a 
node without using any RSSI. 

A first aspect of the present invention is 
directed to a node selecting method in which a mobile node 
moving among a plurality of nodes substantially uniformly 
10 dispersedly arranged selects a candidate node for next 
communication, characterized in that the mobile node 
executes a first step of specifying nodes present within a 
communication zone of the mobile node; a second step of 
counting the number of overlaps between a communication 
15 zone of the specified node and communication zones of the 
other specified nodes for each specified node; and a third 
step of . selecting, as the candidate node for communication, 
the specified node in which the largest number has been 
counted. 

20 A second aspect of the present invention is 

directed to a node selecting method in which a mobile node 
moving among a plurality of nodes substantially uniformly 
dispersedly arranged selects a candidate node for next 
communication, characterized in that the mobile node 

25 executes a first step of specifying a neighbor node present 
within a communication zone of the mobile node; a second 
step of specifying a neighbor node present within a 
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communication zone of the neighbor node; a third step of 
counting the number of specifications in the first and 
second steps for each neighbor node; and a fourth step of 
selecting, as the candidate node for communication, the 
5 neighbor node in which the number of the specifications in 
a predetermined order is large. 

A third aspect of the present invention is 
directed to the above node selecting method characterized 
in that the selection is not performed, if the specified 
10 node in which the largest number has been counted is the 
same as a node with which the mobile node is currently in 
communication . 

A fourth aspect of the present invention is 
directed to the above node selecting method characterized 
15 in that when there are a plurality of specified nodes in 

which the largest number has been counted, an arbitrary one 
node is selected. 

A fifth aspect of the present invention is 
directed to the above node selecting method characterized 
20 in that the mobile node executes the first to third steps 
at predetermined periods. 

A sixth aspect of the present invention is 
directed to the above node selecting method characterized 
in that the predetermined period is changed in accordance 
25 with a movement speed of the mobile node. 

A seventh aspect of the present invention is 
directed to the above node selecting method characterized 
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in that the predetermined period is changed in accordance 
with an arrangement density of the plurality of nodes. 

Brief Description of the Drawings 
5 FIG. 1 is a representation for explaining an 

overlap between the communication zone of a mobile node N 
moving among a plurality of nodes substantially uniformly 
dispersedly arranged and the communication zone of a node 
X8; and FIG. 2 is a representation for explaining overlaps 
10 between communication zones. 

Best Mode for Carrying out the Invention 
Using a maximum likelihood optimum algorithm 
adopted in the present invention, * a mobile node N can 
15 select, with using no RSSI, a node that is within the 
communication zone of the mobile node N and has high 
possibility of being the most adjacent to the mobile node N. 

The maximum likelihood optimum algorithm of the 
present invention can be suitably used for a low-cost, low- 
20 power, and short-distance network such as Bluetooth. 

However, the present invention is not limited to that. The 
present invention is applicable also to a cellular system 
network or a PHS system network. 

Further, nodes may be arranged fixedly or in the 
25 manner of being movable relatively to one another. 

That is, the algorithm of the present invention is 
generally applicable to an access point network involving a 
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mobile node, and an mobile ad-hoc network (MANET) wherein 
any node can move. 

In the below embodiment, a case wherein nodes are 
fixedly arranged will be described for convenience' sake. 
5 It is, however, needless to say that the present invention 
is applicable also to a case wherein nodes are moving 
relatively to one another. 

FIG. 1 shows a state wherein a mobile node N is 
moving among nodes XI, X2, X14, and X15 substantially 

10 uniformly dispersedly arranged. 

The communication zone of the mobile node N within 
which the mobile node N can communicate is shown by a solid 
line, and the communication zone of a node X8 is shown by a 
broken line. In this example, every node has a 

15 communication zone of the same radius, and has a function 
of detecting a list of nodes present within the 
communication zone of the node. Here, the nodes present 
within the communication zone of each node are called a 
neighbor node list (NNL) of the node. The NNL includes the 

20 node itself that has the NNL (the list of the nodes present 
within the communication zone of each node is called an NNL 
of the node) . 

In the case shown in FIG. 1, the NNL of the mobile 
node N is constituted by N, X4, X6, X8, X9, and X12, and 
25 the NNL of the node X8 is constituted by X8, N, X3, X6, X7, 
Xll, X12, and X14. Here, the NNL of each of the nodes X4, 
X6, X8, X9, and X12 belonging to the NNL of the mobile node 
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N is called a next NNL (NNNL) - 

Although it is preferable that the nodes are 
uniformly arranged, slight non-uniformity may be allowed. 
The degree of allowable non-uniformity depends on other 
5 network conditions- Therefore, although the node 

arrangement must be determined in consideration of network 
parameters of the network arrangement to be exact, the 
present invention can be applied to an existing access 
point network or mobile ad-hoc network (MANET) without 
10 hindrance. 

If the mobile node and each node have functions of 
inquiring NNLs or NNNLs and collecting them, the present 
invention can be applied to such a network with no problem. 

Based on FIG. 1, the NNL of the mobile node N and 
15 the NNNL of the mobile node N on the node X8 are 
represented as follows: 

NNL of the node N = N, X4, X6, X8, X9, X12 

...(1) 

NNNL of the node N on X8 = X8, N, X3, X6, X7, Xll, 

20 X12, X14 
... (2) 

Next, a method of selecting a node by the 
algorithm of the present invention will be described. 

As a candidate node that the mobile node N should 
25 next communicate with, the node nearest to the mobile node 
N is selected. 

(1) The mobile node prepares an NNL. 
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(2) The mobile node acquires an NNNL from each of 
the nodes included in the NNL (hereinafter referred to as 
neighbor nodes) . 

(3) The mobile node counts the number of 

5 appearances (hereinafter referred to as appearance number) 

of every node included in the NNL^ in the NNL and all NNNLs. 

(4) In that case, the appearance number of each 
neighbor node is equal to the number of overlaps between 
the communication zones of all nodes included in the NNL 

10 (see FIG. 2) . 

FIG. 2 is a representation for explaining overlaps 
between communication zones in the positional relation of 
the nodes shown in FIG. 1. 

FIG. 2 shows the number of overlaps between 
15 communication zones, of each of the specified nodes N, X4, 
X6, X8, X9, and X12. 

The number of overlapping communication zones of 
the specified nodes X4, X6, X8, X9, and X12 other than the 
mobile node N is four in case of the node X4, five in case 
20 of the node X6, four in case of the node X8, four in case 
of the node X9, and four in case of the node X12. 

The node N is always the node present within the 
region of the largest number of overlaps. The number of 
overlaps has a tendency to decrease outward from the region. 
25 Thus, as a general rule, the node present within the region 
of the largest number of overlaps, other than the node N, 
is supposed to be the nearest node. 
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Therefore, the node in which the largest number 
has been counted is selected as a candidate node to next 
communicate with. In the above-described example, the node 
X6 is selected as a candidate node for the mobile node N. 
5 If there are a plurality of specified nodes in 

which the largest number has been counted, two choices are 
possible. If one of the plurality of specified nodes is 
the same as the node being in communication, it is in 
general efficient to keep the communication with the 

10 current node without selecting another node because the 
number of handing-over operations become small. If not, 
the mobile node N can select arbitrary one out of the 
plurality of nodes. 

The selection of the candidate node by the mobile 

15 node N is performed at constant periods. The period can be 
adequately changed in accordance with the movement speed of 
the mobile node N and the arrangement density of nodes. In 
case that the movement speed is high or the arrangement 
density of nodes is high, the period is shortened. 

20 Next, in case that each node is moving, to keep 

the communication connection by handing over, each node 
requires information on the arrangement state of the other 
nodes and the movement speed of the node itself. 

For convenience' sake, those are referred to as 

25 arrangement information and movement information. Movement 
of a node changes the NNL of the node and the change in the 
NNL is obtained as movement information. Although 
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arrangement information can not obtained directly from the 
NNL, the node can obtain rough arrangement information by a 
two-step procedure using an NNNL. 

As apparent from FIG. 2, the number of overlaps 
5 between a node and the other nodes belonging to the NNL of 
the mobile node N is smaller the father the node is from 
the mobile node N. Therefore, each node can obtain rough 
information on distance between nodes (arrangement 
information) from the appearance numbers of the nodes in 

10 the NNL of that node. 

When the algorithm adopted in the present 
invention is used for handing over, it brings about a 
desirable effect. In general, if changeover for handing 
over is performed under a single boundary condition, the 

15 above-described ping-pong effect arises. In the present 
invention, however, because two boundary conditions are 
used, the ping-pong effect can be avoided. 

A first boundary condition is whether or not the 
node belongs to the NNL. A second boundary condition is 

20 whether or not the node belongs to a maximum likelihood 
group - 

Next, in case that the node density is high, 
because the nodes to be encountered by the mobile node N 
increases, the algorithm of the present invention may be 
25 somewhat changed. Under such conditions, because the 

number of handing-over operations increases, even when a 
node in which the largest number has been counted is 



detected, determination of handing over may be delayed . 
This is because the mobile node N can communicate with 
keeping the connection even when the mobile node N selects, 
as a candidate node, not the node in which the largest 
number has been counted, but a node in which the second or 
third largest number has been counted. 

Industrial Applicability 
The present invention is applicable to an access 
point network in which nodes are fixedly arranged, and a 
mobile ad-hoc network in which nodes are moving relatively 
to one another. 



